The rapid induction of the sucrase-isomaltase (SI) gene in rat jejunum from the onset to final period of weaning was associated with increases of the acetylation of histones H3 and H4 on the promoter/transcriptional region of the gene, suggesting that an abrupt jejunal induction of histone acetylation changes on the SI gene during this period may be concerned with the expression of the gene.
The gene expression of sucrase-isomaltase (SI), which is involved in the digestion of starch hydrolysates and conversion of sucrose into monosaccharides, is dramatically elevated during the first 2-3 weeks after birth when rats are gradually weaned. 1, 2) An abrupt change in the gene expression, which accompanies the maturation and differentiation of cells, has recently been shown to be regulated by such histone modifications as acetylation, methylation, and phosphorylation, as well as by transcriptional factors. 3, 4) In particular, the acetylation of histones H3 and H4 is thought to play a central role in the regulation of transcription, as the hyperacetylation of histones H3 and H4 is associated with the euchromatin region of the genome. [4] [5] [6] The acetylation of histones H3 and H4 on the promoter region of genes has been shown to induce the binding of transcriptional machinery, including coactivators, the SWI/SNF complex, transcriptional factors, and RNA polymerase II on their target genes, and the acetylation of histones H3 and H4 has been accompanied by changes in the expression of the genes during the developmental stage. 7, 8) We have recently shown that the induction of SI gene expression in the mouse jejunum by feeding a high carbohydrate/ low-fat diet was associated with the increased acetylation of histones H3 and H4 on the SI gene. 9) In addition, the induction of the SI gene during differentiation from the crypt to villus of the rat jejunum was associated with an elevation of histone H3 acetylation on the SI gene. 10) However, it remains unclear whether histone acetylation is important for the increased jejunal expression of the SI gene during 2-4 weeks after birth. We examined in the present study whether jejunal induction of the SI gene during this period was associated with the acetylation of histones H3 and H4 on the SI gene.
Sprague-Dawley suckling rats (Japan SLC, Hamamatsu, Japan) were kept with their mothers, and both the mothers and pups were given free access to a standard laboratory chow diet (MF, Oriental Yeast, Tokyo, Japan) throughout the experimental period. The rat pups were killed by decapitation between 15:00 and 16:00 h at 5, 13, 20, and 27 d of age. The experimental procedures used in the present study met the guidelines of the Animal Usage Committee of the University of Shizuoka, Japan. The entire small intestine was removed, and the jejunoileum was divided into two segments of equal length. The proximal segment of the jejunoileum was flushed twice with an ice-cold 0.9% NaCl solution. A 1-cm segment (100 mg each) was excised from the middle region of the jejunal loop (this is regarded as the jejunum in the present study) and immediately used for RNA extraction. The remaining part of the jejunal loop was used for chromatin immunoprecipitation (ChIP) assays. Total RNA extraction and real-time RT-PCR were performed as previously.
9) The cycle threshold (CT) values of each gene and 18S rRNA detected by real-time RT-PCR were converted into signal intensities by the delta-delta method, 11) which calculates the difference of one CT value as a two-fold difference between each signal for the SI gene and the signal for a gene for normalization (18S rRNA). The formula used was [2 (CT SI{CT 18S rRNA) ]. The primer sets used were as follows:
The mucosa removed from the jejunum for the ChIP assays was fixed and sonicated as previously described.
9) The procedures for ChIP assays using 1 mg of the antibody for anti-acetyl-histone H3 (Upstate, Tokyo, Japan), antiacetyl-histone H4 (Upstate), or a control rabbit IgG, were performed as previously described.
9) The primer sets used were as follows: SI-4500, 5 
0 . The size of each PCR product amplified by each primer set for both RT-PCR and ChIP assay was from 50 bp to 150 bp, and we confirmed that the PCR product amplified by each primer set was a single band and detected between 50-bp and 200-bp DNA size markers on an agarose gel as performed by electrophoresis (data not shown).
We first showed that SI gene expression increased rapidly during postnatal development, i.e., from 13 d to 27 d after birth (Fig. 1) . This is consistent with the results of previous studies. 1, 2) Our recent studies have shown that induction of the SI gene by feeding a highcarbohydrate/low-fat diet was associated with increased acetylation levels of histones H3 and H4 in the mouse jejunum. 9) Further, elevation of the SI gene during differentiation from the crypt to villus of the rat jejunum was associated with increased acetylation of histone H3 on the SI gene.
10) It is very likely that the acetylation of histones H3 and H4 are important for jejunal induction of the SI gene during the postnatal period. We therefore performed ChIP assays using antibodies for acetylated histones H3 and H4 in the jejunum of postnatal developing rats (5-27 d after birth) to observe the association between jejunal SI expression and histone acetylation on the gene during postnatal development. We used primer sets suitable for different parts on the SI gene in order to detect the ChIP signals (Fig. 2A) . The ChIP signals detected following immunoprecipitation using control IgG on all regions of the SI gene were less than 0.13% (data not shown). The acetylation levels of histones H3 and H4 on both the regions of transcription (+10000, +20000, +30000, +40000, +60000, and +80000) and promoter/transcriptional initiation (+0) increased markedly from 13 to 20 d after birth, and the acetylation level remained elevated until 27 d after birth (Fig. 2) . We demonstrated the statistics analysis on +0 (the region of promoter/transcriptional initiation) and on +10000 (the region of transcription) as typical regions. These data suggest that induction of the SI gene expression during postnatal development was associated with the enhanced acetylation of histones H3 and H4 on the regions of promoter/transcription initiation and transcription of the SI gene. Recent studies suggest that histone acetylation is critical for recruiting complexes for mRNA elongation 12, 13) as well as for trans-activation. We speculate that the acetylation of histone H3 might be associated with SI mRNA elongation, and that mRNA elongation for the SI gene should be enhanced from 13 to 27 d after birth. Whether transcriptional/ elongational complexes, including transcriptional factors, are recruited to the regions of promoter/transcriptional initiation and transcription of the SI gene is unknown.
In conclusion, we demonstrated that the acetylation of histones H3 and H4 on the SI gene was enhanced in the jejunum of rats during postnatal development, providing the first evidence that histone acetylation on the SI gene are altered during postnatal development.
